Paclobutrazol is one of the growth regulators in plants. It is from the Triazoles group, which can protect plants from all kinds of tension. In order to investigate the effect of cold stress and paclobutrazol on physiological characteristics of soybean seedling (cv. Williams), a factorial experiment was conducted base on completely randomised design with three replications. The first factor involved applying cold tension at 5°C in four intervals times (0, 8, 16 and 24 h). The second factor involved pre-treatment of paclobutrazol in four concentrations (0, 100, 500 and 1000 μM). The results showed a significant increase in shoot's dry weight by 100 μM paclobutrazol application compared to non-paclobutrazol in eight hours of cold tension. The highest amount of chlorophyll a and relative water content was shown by 100 and 500 μM paclobutrazol application, respectively. The increase in cold tension time to 24 h caused an increase in ion leakage and led to an increase in protein content, catalase and peroxidase antioxidant enzymes. The results of this study demonstrate that cold tension can cause reduction in shoot's dry matter and change the physiological characteristics of soybean but application of 100 and 500 μM of paclobutrazol can partly induce tolerance to cold stress.
Introduction
Soybean [Glycine max (L.) Merr.] of Fabaceae family is a short day and thermophilic plant. The grain is composed of 20% oil, 36% protein, 30% carbohydrate and fiber, vitamins and minerals (Abdraimova et al., 2014) . It also comprises 44% of the global share for the production of edible oil. However, production of this crop plant in Asia and Africa is 5% of the total global amount of soybean (FAO, 2010) . The trade and industry importance of soybean has led researchers to seek a greater understanding of soybean biology. In turn, this understanding could be used to enhance yield, nutritional quality and resistance to various biotic and abiotic stresses, including cold tension (Abberton et al., 2016) .
Reduction of temperature in temperate climates with high elevations, especially at night, leads to the disruption of metabolism and growth of soybean and restricts its cultivation (Van Heerden et al., 2003) . Exposure to low temperature above the freezing point, between zero to 5°C, causes physiological disorders (like reduction of membrane fluidity) in the plant (Beck et al., 2004) . The symptoms of cold include the reduction of growth and photosynthesis rate, ionic leakage from cell's membrane, changes in production of ethylene and respiration, and the increase in production of reactive oxygen radicals (Kuan-Hung et al., 2006; Tadjvar et al., 2011) . Generally, the mechanisms of resistance to cold in plants include the changes in lipids of the membrane (to increase the fluidity of the membrane), increase the activities of antioxidants, storage of anthocyanins and change in the morphology of growth (Sariri et al., 2011) . Other mechanisms of resistance include the storage of carbohydrates, pectin, nucleic acids and anti-freezing proteins, and the increase in synthesis of compounds against freezing with high or low molecular weight in the cytoplasm (Sariri et al., 2011) .
Some of the researchers have reported the effects of plant growth regulators like Triazole in resistance to cold (Mahmut Sinan et al., 2009) . Commercial Triazole like paclobutrazol is used as a fungicide and plant growth regulator (Fletcher et al., 2000) . Most of the studies have shown that external application of paclobutrazol in tensioned plants can reduce the damaging effects of tension and restore the growth processes instantly (Khan et al., 2009) . The resistance, which is produced by Triazole, is often explained by hormonal changes such as the increase in the internal content of growth regulators (e.g. cytokinin and abscisic acid) and ethylene decrease (Wilhelm et al., 1987) . It is reported that the reduction in ethylene may associate with the reduction of activities in Amino-cyclopropane-carboxylic acid oxidase enzyme. Since the precursor of both ethylene and polyamine is S-adenosine methionine, ethylene biosynthesis inhibition causes an increase in polyamines, which play an important role in cold stress tolerance (Fletcher et al., 2000) . Furthermore, increases in antioxidant enzymes activities such as superoxide dismutase, glutathione reductase, and ascorbate peroxidase are reported under the influence of Triazole (Kuan-Hung et al., 2006) .
With the seasonal change from winter to early spring, cold tension in some parts of Iran can continue restricting the cultivation and growth of soybean, thus evaluation of the various approaches to solve this problem is vital. One such solution stems from several reports, which claim the positive effects of paclobutrazol as a cold tolerance inducer in different crops. Therefore the aim of this study was to evaluate the soybean physiological characteristics in relation to the effects of seeds paclobutrazol pre-treatment in cold tension condition.
Materials and methods

Experimental design and experimentation
This study was conducted as a factorial experiment based on a completely randomised design with three replications in a research greenhouse (20-15°C in 16-8 h day/night, RH 20-40%). The first factor involved applying cold tension to the soybean seedling with 5°C temperature in four intervals of 0, 8, 16 and 24 h. The second factor involved the pre-treatment of paclobutrazol in four concentration levels (0, 100, 500, and 1000 μM), which was applied to seeds. The seeds of soybeans (cv. Williams) were disinfected by sodium hypochlorite 10% for 5 min and washed several times with distilled water. Afterward, they were soaked in the paclobutrazol solution with specified concentration at 20± 1°C for 24 h in the dark (Berova et al., 2002) . After pre-treating the seeds, they were washed with distilled water several times and finally, they were planted in pots at a depth of 2 cm. After the emergence of seedlings, they were thinned to four plants in each pot. Perlite and sand were poured in pots at a 1:1 ratio. When seeds were planted, they were watered with distilled water and after emergence, watered with Hoagland solution (Table 1) (Hoagland and Arnon, 1950) . The average electrical conductivity and pH of Hoagland solution was 2 mmhos cm -1 and 6.5, respectively. At first, the onequarter strength of Hoagland solution was given to seedling and then with gradual growth of plants, half strength Hoagland was given to plants.
In order to simulate the plant growth in normal conditions, cold treatments were applied only during the night-time of plant growth. To exert the cold treatments, when the seedlings of 48 pots had four leaves, 36 pots were transferred to the growth chamber with 5ºC temperature for 8 h (dark period). Then, the 36 pots that were just in the growth chamber with 5ºC temperature were brought to the greenhouse environment to be exposed to light for a duration of 16 h. For the second cold treatment, after the 16-h period of daylight in the greenhouse, 24 of the 36 pots were placed back in the growth chamber with a temperature of 5°C for 8 h (dark period) and then returned to the greenhouse environment for another 16 h of light exposure. Finally, the third cold treatment had 12 of the 24 pots undergo another cold stress stage before returning to the greenhouse environment.
Parameters measured
The dry weight was determined from shoots and roots of the soybeans after two weeks from the end of the cold treatments. Thus, the plant shoots and roots were harvested separately and washed in distilled water. Plant material was dried to a constant weight at about 70°C for 24 h and dry matter was determined. To measure the SPAD, five leaves were chosen from each pot and their greenness was read by the SPAD-502 device. Chlorophyll Fluorimeter, Hansatech LTD Pocket model, was used to measure chlorophyll fluorescence. For this purpose, the leaves were protected from the sunlight exposure by special pincers for 15 min. After 15 min, the device's sensor was placed in the pincers and the amount of chlorophyll fluorescence was recorded by the device. The resulting number represented the photosynthetic efficiency of photosystem or Fv/Fm (ratio of variable fluorescent to maximum fluorescent). The amount of chlorophyll a and b was measured by Arnon method (Arnon, 1949) . The amount of light absorption of the extract prepared from the samples was read at the wavelengths of 663 and 645 nm by spectrophotometer (Cintra 5, Australia) and calculated from Equations 1 and 2:
where: D= absorption which is read in the desired wavelength; W= wet weight of the sample; V= volume of the extract. In order to measure protein quantitatively, the Bradford method was used (Bradford, 1976) which is based on the connection of Kumasi Berliant Blue G250 to protein in the acidic environment and the determining of maximum absorption from 465 to 595 nm. The amount of optical absorption has the direct relation with protein concentration. To measure a leaf's relative water content, Weatherely (1950) method was used. To measure the amount of ion leakage (membrane stability) the Sairam et al. (2009) method was used. In accordance to this method, two sample groups were used. In each group, 0.1 g of fresh and healthy tissue from the leaves was put into 10 mm of twice-distilled water. Test tubes of the first group were placed in a 40°C hot water bath for 30 min. Then, the electrical conductivity of the sample was measured and indicated by C1. The second group was placed in a 100°C hot water bath for 10 min, with the corresponding electrical conductivity indicated by C2. The membrane stability index was calculated based on Equation 3.
The measurement of catalase activity by Aebi method (Aebi, 1984) and Peroxidase by Mac-Adam method (Mac-Adam et al., 1992) was carried out with 0.1 g of fresh leaves samples. 
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Statistical analysis
The statistical analysis of data resulting from the experiment conducted by Proc GLM of SAS software and comparing means carried out by Duncan's multiple range tests at 5% probability level.
Results and discussion
The results obtained from variance analysis related to the dry weight of soybean show that the pre-treatment of paclobutrazol, cold tension and interactions between them were significant on soybean's shoot, but they did not have any significant effect on root's dry weight ( Table 2) .
Effect of paclobutrazol pre-treatment, cold tension and their interaction on the relative amount of chlorophyll (SPAD), chlorophyll fluorescence parameter (Fv/Fm), content of chlorophyll a, soluble protein, relative water content, ion leakage, catalase and peroxidase antioxidant enzymes of soybean leaves were significant (Tables 2 and 3 ).
Root and shoot's dry weight
The results in controlled test (without cold tension) indicate that the maximum dry weight of soybean's shoot was in nonpaclobutrazol treatment with an average of 1.64 g and the lowest value obtained from the application of 100-μM paclobutrazol with an average of 0.85 g (Table 4 ). In non-cold tension treatment, the application of different levels of paclobutrazol did not have significant differences on soybeans shoot dry weight, but these levels of paclobutrazol had significant differences with the non-paclobutrazol application treatment. The dry weight of shoot in 100 μM paclobutrazol applications was 1.03 g under 8 h of cold tension which had a significant increase compared to 1000 μM of paclobutrazol (0.55 g). However, it did not have a significant difference with 500 μM of paclobutrazol and the control group (1.006 and 0.89 g, respectively) (Table 5 ). Furthermore, in 16 and 24 h of cold tension, there was no significant difference between the different levels of paclobutrazol and also with zero paclobutrazol (Table 4) .
The results of this study showed that the negative effect of cold became more intense with an increase in the time duration, which subsequently led to the decrease in production of shoot's dry matter. The results obtained from Table 3 also concluded that, for different cold tension durations, application of 100 and 500 μM paclobutrazol could somehow increase the tolerance of soybean to cold tension. This is reflected in the increase of shoot's dry weight in these two treatments. In contrast, an application of an increasing level of paclobutrazol, up to 1000 μM concentration, had an opposite effect on shoot dry matter of soybean.
The results indicated that there was a significant negative correlation between protein content, electrolyte leakage, catalase, and peroxidase antioxidant enzymes with the dry weight of soybean shoots (Table 5 ). The indices of chlorophyll and relative water content of the leaves had a significant and positive relationship with the dry weight of shoot. An increase in the chlorophyll in plant leads to an increase in the photosynthesis active rate and an increased production of photosynthesis matters which causes the increase in the soybean shoot's dry weight.
The decrease in the plant's growth is due to a reduction in photosynthesis and lack of carbohydrates. As a result, this can be considered as compromising response of the plant (Amooaghaie and Shariat, 2015) . In cold tension conditions, instead of using carbohydrates for cell growth, plants will keep them in cells as a solute in order to decrease the freezing point of the protoplasm and avoid early cold damage (Beck et al., 2004) . On the other hand, it seems that pretreatment of paclobutrazol will increase cell's division and increase cell's dry weight due to increase in chlorophyll and cytokine content (Abdul Jaleel and Kishorekumar, 2007) . Jafari et al. (2006) reported that growth indices in Catharanthus roseus will be reduced in cold tension conditions, but Triazole treatment will improve this condition. This suggests that paclobutrazol probably prepares the cell to meet and overcome stress by stabilising membranes and forming a potentially of higher antioxidant capacity (Berova et al., 2002) . ns , * ,**, not significant and significant at 5% and 1% probability levels, respectively. * , **, not significant and significant at 5% and 1% probability levels, respectively.
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Relative amount of chlorophyll
The relative amount of chlorophyll in soybean in none, 8 and 24 h cold-tension conditions decreased significantly with 1000 μM paclobutrazol as compared to other concentration of paclobutrazol (Table 4) . In 16 h of cold tension, the highest relative amount of chlorophyll was reported in 100-μM paclobutrazol and the lowest was observed in 1000 μM concentration of paclobutrazol.
The results of this study indicated that a relative amount of soybean chlorophyll had a significant and positive relationship with the chlorophyll of leaves and dry weight of shoot indices. However, there was a significant and negative correlation with protein contents, ion leakage, catalase and peroxidase antioxidant enzymes (Table 5 ). The amount of chlorophyll in the leaves may indicate their resistance to cold (Aghaee et al., 2011) . Cold tension will cause a decrease of chlorophyll synthesis by disturbing the enzymes' processes in the plants (Yi et al., 2015) . The increase in the amount of chlorophyll in pre-treated plants is likely related to the delay in decomposition of chlorophyll and decrease in chlorophyllase activities (Fletcher et al., 2000) .
The maximum quantum efficiency of photosystem II photochemistry
The Fv/Fm ratio in leaves of soybean decreased in 8 h tension and 1000 μM paclobutrazol significantly as compared to other concentrations of paclobutrazol (Table 4) . 16 h of cold tension with 100 μM paclobutrazol exhibited a 0.72 Fv/Fm ratio, which was a significant increase compared to 500 and 1000 μM paclobutrazol (0.67 and 0.65), but it did not have any significant differences when compared to control group.
By increasing the cold duration, the negative effects of cold became more intense which led to the decrease of the Fv/Fm ratio. The results of this study indicated that the Fv/Fm ratio had a negative and significant correlation with protein content, ion leakage, catalase, and peroxidase antioxidant enzymes (Table 5) . Furthermore, the Fv/Fm ratio indicated a positive and significant relation with chlorophyll indices and the relative water content of the leaves (Table 5) .
The flow of electrons in the photosystem is a general indicator for the overall amount of photosynthesis, and measurement of chlorophyll fluorescence makes it possible to estimate the photo- ns , * , **, not significant and significant at 5% and 1% probability levels, respectively. synthesis. In fact, checking the state of photosynthesis is an acceptable criterion for evaluation of plant's compatibility with the environment. When stress was implemented to the plant, Fv (variable fluorescence) decreased. The result of this decrease is the destruction of the chlorophyll structure a corresponding decrease in the Fv/Fm ratio decreases (Maxwell and Johanson, 2000) . The results from the researchers' studies showed that by increasing the cold tension, the Maximum quantum efficiency of PSII photochemistry in dark-adapted leave (Fv/Fm) which represented the electron transferring in the second photosystem decreased in the vegetative stage. Thus, the main reason for the decline of Fv/Fm is the disruption in chlorophyll's state (He et al., 2015) .
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Content of chlorophyll a and b
The content of chlorophyll a in 100 μM paclobutrazol pretreatment was 0.040 mg g -1 , which had a significant increase compared to 1000 μM paclobutrazol and the control in 8 and 16 h cold tension conditions. However, it did not have a significant difference with 500 μM of paclobutrazol pretreatment (Table 4) . In 24 h of cold tension, the content of chlorophyll a was 0.35 mg g -1 with 500 μM paclobutrazol pretreatment, which had a significant increase compared to control group (0.22 mg g -1 ). However, it did not have a significant difference compared to 100 and 1000 μM paclobutrazol pretreatment (Table 4 ). The content of chlorophyll a had a negative and significant correlation with protein content, ion leakage, peroxidase, and catalase antioxidant enzymes (Table 5 ), but had a significant and positive correlation with chlorophyll indices and relative water content.
The content of chlorophyll b was 0.15 mg g -1 with 100 μM paclobutrazol, which had a significant increase compared to control and 1000-μM paclobutrazol (0.10 and 0.09 mg g -1 ) in 24 h tension. However, it did not have significant difference compared to 500-μM paclobutrazol application (0.14 mg g -1 ) ( Table 4 ). The negative effect of cold became more intense with increasing duration and eventually it decreased the content of chlorophyll b in soybean. The content of chlorophyll b had a negative and significant correlation with ion leakage and peroxidase antioxidant enzyme, but it showed a significant and positive correlation with chlorophyll indices (Table 5) .
According to the results of this study, it can be stated that the average value of chlorophyll a and b has decreased, under cold tension, compared to the control group. Chlorosis of the leaves, due to a decrease in the number of photosynthetic pigments, is the first symptom of cold. The decrease in the number of pigments can occur due to the effect of cold in an increased peroxidation. This damage can occur in the membrane of Chloroplasts and Thylakoids and decrease the number of pigments (Tadjvar et al., 2011) . On the other hand, it seems that 100 and 500-μM paclobutrazol pre-treatment can somehow have a positive effect on chlorophyll's structure and can be used as a suitable strategy to increase the content of chlorophyll under cold tension. It is reported that Triazoles can directly affect biosynthesis of isoprenoids through the impact on chlorophyll biosynthesis (Fletcher et al., 2000) . The research shows that priming of bean seeds with 25 and 50 g L -1 paclobutrazol can prevent damage and protect the structures of chlorophylls as compared to untreated seedling in cold tension condition (Amooaghaie and Shariat, 2015) . According to Fletcher et al. (2000) , inhibition of lipid peroxidation may be one of the mechanisms responsible for the antisenescence effects of the Triazoles.
Leaf soluble proteins
The content of soluble proteins 21.83 µg mg leaf fresh weights -1 in 500 μM paclobutrazol and 8 h of cold tension had a significant increase compared to the 100 μM paclobutrazol and control (17.06 and 18.33 µg mg -1 ). However, it did not have a significant difference compared to 1000 μM paclobutrazol (21.53 µg mg -1 ) ( Table 6 ).
The largest of the leaf soluble proteins content, 24.33 µg mg -1 , was from 16 h of cold tension and 1000 μM paclobutrazol, while the lowest leaf soluble proteins content, 16.43 µg mg -1 , was from the control group (without paclobutrazol). In 24 h of cold tension, the soluble proteins content in 1000 μM paclobutrazol had significantly increased compared to 100 μM paclobutrazol. By increasing cold tension and paclobutrazol level, the soluble proteins content increased. This lead to the most soluble proteins being observed in 24 h cold tension and 1000 μM paclobutrazol pretreatment (Table 6) correlation with catalase and peroxidase enzymes (Table 5) . The results of this study showed that the use of paclobutrazol with increasing cold tension increased the soluble proteins of soybean leaves. The initial response to cold tension, which mainly depends on time, is induced by changes in content and activities of proteins, often dependent on the rate of temperature changes and intensities. Therefore, the intensity and duration of tension are considered as key factors in cold tension tolerance (Weber and Marahiel, 2003) . Thus, cold tension will increase the storage of soluble and apoplastic proteins (Zeinali Yadeghari et al., 2008) . Also, it is reported that paclobutrazol treatment significantly increased soluble proteins in common beans (Hegazi and ElShraiy, 2007) .
Relative water content of the leaf
In the non-tension condition and non-paclobutrazol pretreatment, relative water content was 86% and increased significantly as compare to other levels of paclobutrazol (Table 6 ). The highest relative water content in the leaves 87% was from 8 h in tension and 500 μM Paclobutrazol. The lowest relative water content, 0.71%, was in control group and there was no significant statistical relationship with the application of 100 and 1000 μM paclobutrazol in this condition. In 16 and 18 h cold tension and 500 μM paclobutrazol, the relative water content had significantly increased compared to 100 μM paclobutrazol, but it did not have a significant increase compared to 1000 μM paclobutrazol (Table 6 ). The results of this study showed that relative water content in the leaves had a significant and negative relation to ion leakage and peroxidase antioxidant enzymes (Table 5) .
The negative effect of cold became increasingly intense with increasing duration, and this lead to a decrease of relative water content, but the different levels of paclobutrazol pretreatment could somehow increase it. It seems that the destruction of the membrane structure and ion leakage are determinants for the decrease of the relative water content, where cold tension prevents soybean from absorbing of water. Increase in cold tension causes changes in organelles such as chloroplast and vacuole, which increases leakage of the membrane, and result in a decrease of relative water content in the leaf (Khodakovskaya et al., 2005) . At the same time, with the plant's exposure to cold tension, it confronts with water tension, which begins with the hydraulic conductivity of roots and continues with a drastic decline of water potential and leaf inflammation (Joshi et al., 2007) .
Ion leakage
The ion leakage of the leaf, 24%, in 8 h cold tension condition and 500 μM paclobutrazol had significantly decreased compared to control group, 33.44%, but there was no significant difference with 100 and 1000 μM paclobutrazol, 27.33 and 24.73%, respectively. In 16 h of cold tension, the lowest amount of ion leakage, 21.80%, was by 500-μM paclobutrazol pretreatment and the highest amount of leakage, 45.73%, was in control group (Table 6 ). The ion leakage in 24 h cold tension condition had significantly decreased for 500-μM paclobutrazol as compared to zero, 100 and 1000 μM paclobutrazol concentration (Table 6 ). The results of this study showed that soybean's ion leakage had a significant and positive relation with peroxidase antioxidant enzyme (Table 5) .
According to the correlation coefficients, it seems that an increase in cold tension and ion leakage is a factor, which increases the peroxidase antioxidant enzymes activities. The results of this study showed that an increase in cold tension led to leakage of the cytoplasmic matters of the soybean's leaves, but pretreatment of paclobutrazol could somehow stabilise the membrane and decrease cytoplasmic leakage of the soybean leaf. Cold tension produces active oxygen species, which increase lipid peroxidation and ion leakage by attacking the membrane (Sevillano et al., 2009 ). In contrast, Triazoles decrease biosynthesis of cholesterol, change the composition of cholesterol in the membrane, and induce the compatibility allow for tension (Khan et al., 2009) . By increasing the activities of antioxidant enzymes, Triazoles decrease the production of active oxygen species and protect the membrane (Kuan Hung et al., 2006) . The studies reported that cold tension increased ion leakage of the bean membrane. In contrast, with paclobutrazol preventing ion leakage and oxidation from damaging the membrane, the harmful effects of cold tension are decreased (Amooaghaie and Shariat, 2015) .
Catalase and peroxidase enzymes
The 16 h of cold tension condition and 500 μM paclobutrazol pretreatment significantly increased the catalase enzyme's activity to 0.80 μmol min -1 mg protein -1 , compared to the control group, 0.52 μmol min -1 mg protein -1 , but there was no significant difference between 100 and 1000 μM paclobutrazol application (Table 6 ). In 24 h cold tension, the highest amount of catalase enzyme activity was observed by 500 μM paclobutrazol pre-treatment, with an average of 0.84 μmol min -1 mg protein -1 , and the lowest was seen in the control group, 0.62 μmol min -1 mg protein -1 . By increasing the duration of cold tension in soybean, catalase enzyme activity increased significantly compared to the control group (Table 6) .
The peroxidase enzyme's activity in 8 h cold tension with 500 μM Paclobutrazol, 6.81 μmol min -1 mg protein -1 , had significantly increased compared to the control group (5.68 μmol min -1 mg protein -1 ), but there was no significant difference with 100 and 1000 μM paclobutrazol, 6.49 and 6.22 μmol min -1 mg protein -1 respectively (Table 6 ). In 16 h of cold tension, the maximum amount of peroxidase enzyme was shown in 500 μM paclobutrazol pretreatment, 7.84-μmol min -1 mg protein -1 , and the lowest amount was observed in 100 μM paclobutrazol, 7.02 μmol min -1 mg protein -1 . The peroxidase enzyme activity in 500 and 1000 μM paclobutrazol application had a significant increase compared to 100-μM paclobutrazol in 24 h of cold tension condition (Table 6) .
The peroxidase enzyme's activity in 8 h cold tension with 500 μM paclobutrazol, 6.81 μmol min -1 mg protein -1 , had significantly increased compared to the control group (5.68 μmol min -1 mg protein -1 ), but there was no significant difference with 100 and 1000 μM paclobutrazol, 6.49 and 6.22 μmol min -1 mg protein -1 respectively (Table 6 ). In 16 h of cold tension, the maximum amount of peroxidase enzyme was shown in 500 μM paclobutrazol pretreatment, 7.84-μmol min -1 mg protein -1 , and the lowest amount was observed in 100 μM paclobutrazol, 7.02 μmol min -1 mg protein -1 . The peroxidase enzyme activity in 500 and 1000 μM paclobutrazol application had a significant increase compared to 100-μM paclobutrazol in 24 h of cold tension condition (Table 6) .
The results of this study showed that an increase in duration of cold tension in soybean caused a significant increase in peroxidase enzyme activity compared to the control group. In cold tension condition, high activities of antioxidant enzymes decrease oxidative tension indices, lipid peroxidation and hydrogen peroxide in the leaf cell (Apostolova et al., 2008) . Any factor that increases antioxidant enzymes activities and soluble protein can play a leading role increasing the plant's cold tension tolerance (Pireivatlou et al., 2010) . The result of this study showed that using paclobutrazol and increasing cold tension increases the activities of catalase and peroxidase enzymes in soybean. The activities of antioxidants in treated wheat seedlings, under cold tension, increased with Article N o n -c o m m e r c i a l u s e o n l y paclobutrazol; these enzymes could decrease the production of active oxygen (Berova et al., 2002) . Wanaei et al. (2012) reported that temperature decrease in the ILC428 cultivar of pea increased catalase enzymes activities and was followed by decomposition of active oxygen species.
Conclusions
The results show that cold tension has adverse effects on the stability of soybean membrane, chlorophyll indices, relative water content and the dry weight of shoots. Furthermore, it seems that pretreatment of paclobutrazol by 100 and 500 μM concentrations increase catalase and peroxidase antioxidant enzymes and soluble proteins in the leaves of soybean. This defensive mechanism of soybean can be regarded as an important factor in increasing a crop's tolerance to cold tension. The capacity and ability of the antioxidant to act under cold tension conditions depends on the tolerance of the plants. This is because the activities of antioxidant enzymes in plants represent their tolerance to different tensions. 
